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FOREWORD 


This  work  was  carried  out  under  the  NSWC  IR  Task  201,  Task  No.  ZRC1309, 
Explosives  Chemistry  for  Weapons.  One  objective  of  this  Task  is  the  synthesis 
of  new  explosives  ingredients  which  will  enable  the  formulation  of  energetic 
yet  insensitive  explosives.  In  the  work  described  herein,  an  attempt  is  made 
to  clarify  relationships  between  molecular  characteristics  of  explosive 
compounds  and  their  sensitivity  and  performance  properties.  A  better 
understanding  of  these  relationships  is  needed  for  the  successful  design  of 
new  insensitive  high-energy  molecules. 

Helpful  discussions  with  Drs .  M.  J.  Kamlet  and  C.  Dickinson  are  gratefully 
acknowledged. 

J.  F.  PROCTOR 
By  direction 
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INTRODUCTION 


Explosives  which  combine  high  performance  with  insensitivity  (IHPE)*  have 
been  a  goal  of  military  explosives  development  for  some  time.  In  one  approach, 
highly  energetic  but  sensitive  explosives  such  as  RDX  and  HMX  are  desensitized 
by  embedding  in  elastomeric  polymers  (binders).  The  result  is  a  series  of 
explosive  compositions  with  "intermediate"  sensitivity  and  performance 
attributes  which  are  of  great  practical  value.  This  approach  is  currently  being 
refined  and  extended  by  the  use  of  energetic  binders  which  are  expected  to 
increase  the  performance  of  these  compositions  without  significantly  raising 
their  sensitivity.  Some  use  has  also  been  made  of  the  kinetic  effects  present 
in  "non-ideal"  explosives  to  affect  the  balance  of  performance  and  sensitivity, 
for  example  in  such  materials  as  PBXN-103  and  PBXN-105. 

Recently,  another  approach  to  IHPE  has  received  consideration,  in  which 
intrinsically  insensitive  materials  are  sought  which  as  a  result  of  their 
molecular  properties  also  possess  useful  performance  characteristics.  TATB  and 
NQ  are  currently  the  prototypes  of  such  compounds.  Since  their  energy  content 
is  comparable  to  TNT,  their  utility  is,  however,  limited.  The  question  arises, 
can  other  compounds  be  made  which  are  as  insensitive  as  TATB  and  NQ  but  have 
higher  energy,  or,  more  generally,  can  we  synthesize  new  explosive  compounds 
with  other  and  more  attractive  combinations  of  sensitivity  and  performance? 

To  pursue  this  question,  it  would  be  very  useful  to  know  how  explosive 
sensitivity  and  performance  are  related  to  each  other  and  to  the  structure  and 
molecular  properties  of  the  explosive  compound.  Although  a  number  of  limited 
studies  relating  sensitivity  or  aspects  of  performance  to  molecular  structure 
have  been  made*,  the  only  attempts  to  interrelate  sensitivity  and  performance 


*The  terras,  performance  and  sensitivity,  are  used  here  in  their  broadest 
definitions.  Sensitivity,  for  example,  encompasses  the  response  to  thermal 
loads,  to  low  strain  rate  mechanical  pulses,  and  to  high  strain  rate  impact 
phenomena  or  shockwaves.  Performance  includes  underwater  shock  and  bubble 
effects,  airblast,  and  metal  acceleration. 

Iprice,  D.,  Chem.  Reviews  5j)»  801  (1959);  Kamlet  M.  J.,  and  Jacobs,  S.  J., 

J.  Chem.  Physics,  48,  23  (1968);  Delpuech,  A.,  and  Cherville,  J.,  Propellants 
and  Explosives  169  (1978);  Hill,  M.  E.,  and  Guimont,  J.  M. ,  "Desensitization 

of  Explosive  Materials",  Final  Report  for  Contract  N0014-76-C-0810,  Dec  1979. 
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appear  to  be  those  by  Kamlet^  and  KamLet  and  Adolph^  involving  correlations 
of  impact  sensitivity  with  oxygen  balance.  Oxygen  balance  can  be  regarded  as  a 
molecular  parameter  qualitatively  related  to  explosive  performance  although  no 
direct  proportionality  with  any  specific  explosive  effect  has  been 
demonstrated.  It  was  shown  chat  log(50%  impact  height)  is  a  linear  function  of 
the  oxygen  balance  for  four  classes  of  nitro  compounds,  but  with  different 
coefficients  and  constants  for  each  of  the  four  regression  equations.  Thus  a 
relationship  between  impact  sensitivity  and  performance  as  well  as  an  effect  of 
molecular  structure  on  this  relationship  has  been  demonstrated. 

Since  the  completion  of  the  impact  sensitivity  vs.  oxygen  balance 
correlations^ ,  Che  molecular  properties  which  determine  explosive  performance 
of  C,  H,  N,  0,  F  compounds  have  been  identified  at  least  qualitatively  if  not 
quantitatively^.  It  appears  now  that  most  types  of  explosive  performance  of 
such  compounds  can  be  understood  in  terms  of  the  detonation  energy  (Q),  the 
number  of  moles  (N)  and  molecular  weight  (M)  of  detonation  gas,  and  the  crystal 
or  initial  density  (pQ).  Since  these  molecular  parameters  are  relatively 
easily  accessible  ,  it  appeared  that  the  relationship  between  sensitivity  and 
performance  of  explosive  compounds  could  be  defined  further  by  investigating  the 
relationship  of  these  molecular  properties  with  explosive  sensitivity.  Some 
initial  attempts  at  such  an  investigation  involving  the  quantities  N,  M,  and 
PQ  are  reported  here. 


^Kamlet,  M.  J.,  "The  Relationship  of  Impact  Sensitivity  with  Structure  of 
Organic  Explosives.  I.  Polynitroaliphatic  Explosives",  Proceedings  6th 
Symposium  (international)  on  Detonation,  San  Diego,  CA,  Aug  1976;  ONR  Report 
ACR  221,  p.  312. 

^Kamlet,  M.  J.  and  Adolph,  H.  G.,  Propellants  and  Explosives  4,  30  (1979). 

4 

Price,  D.,  Chem.  Reviews  59,*  801  (1959);  Kamlet,  M.  J.,  et.  al.,  J.  Chem. 
Physics  48,  23,  43,  3685  (1968). 

*In  the  most  simple  approach,  N,  M,  and  Q  can  be  calculated  (using  Kamlet's 
definitions^);  p  of  new  explosive  compounds  is  often  routinely  determined, 
o 

^Kamlet,  M.  J.  and  Jacobs,  S.  J.,  J.  Chem.  Physics  4ji,  26-28  (1968). 
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EXPERIMENTAL 


DATA  BASE 

The  major  problem  in  attempting  these  correlations  was  the  compilation  of  a 
suitable  data  base.  It  was  obvious  from  the  outset  that  the  only  sensitivity 
data  available  on  a  sufficiently  large  and  diversified  set  of  nitro  compounds 
were  impact  sensitivities.  The  difficulties  in  comparing  impact  sensitivities 
determined  at  different  laboratories  are  well  recognized,  and  the  problems  of 
reproducibility  of  impact  sensitivity  data  even  using  the  same  machine  have  been 
amply  discussed^ >3.  Relationships,  or  the  lack  thereof,  between  different 
types  of  explosive  sensitivity  and  sensitivity  tests  have  been  studied  by 
Urizar,  Peterson,  and  Smith^.  The  impact  sensitivity  data  used  in  the  present 
work  were  all  determined  on  the  same  NSWC  (formerly  NOL)  machine  whose  operation 
has  been  described  and  discussed  in  detail?,  but  they  were  obtained  over  a 
period  of  more  than  20  years  by  several  operators  who  used  different  means  of 
detecting  a  "go".  Thus  the  impact  sensitivity  data  were  collected  under  partly 
favorable  and  partly  unfavorable  conditions. 

A  further  complication  was  the  need  for  additional  experimental  data  besides 
impact  sensitivities.  While  N  and  M  can  be  calculated  and  Q  can  at  least  be 
estimated  from  the  chemical  composition  and  structure  of  each  compound*,  the 
crystal  density  must  be  determined  experimentally.  Unfortunately,  for  many 
compounds  synthesized  during  the  past  25  years  or  submitted  to  NSWC  for  testing 
either  density  o£  impact  sensitivity  were  determined,  but  not  both.  This 
restricted  the  set  of  suitable  compounds  to  no  more  than  230.  To  take  into 
account  at  least  some  of  the  structual  effects  on  impact  sensitivity  noted  by 
Kamlet2»3>  this  set  was  subdivided  into  nitramines  (76,  Table  1), 
nitroaromatic  (59,  Table  2),  and  nitroaliphatic  compounds  (64,  Table  3). 
Compounds  from  the  original  set  of  230  which  did  not  belong  to  one  of  these 
classes  are  not  included  in  the  present  analysis. 


^See  Reference  2  on  page  2  , 

3 See  Reference  3  on  page  2  . 

^Urizar,  M.  J.,  Peterson,  S.  W. ,  and  Smith,  L.  C.,  "Detonation  Sensitivity 
Tests",  LA-7193-MS,  Los  Alamos  Scientific  Laboratory,  April  1978. 

?Ref  3.,  p  34,  and  Ref  3.,  footnote  14. 

* 

See  the  previous  footnote,  p.  2  . 
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TABLE  1.  LIST  OF  NITRAMINES* 


fi-H-N-O-X  I.S.  NOj*  Pa 

146060600  1.05  1.67  14. r  1.7*3 
746*50600  1.43  t.33  13.0  1.710 
30504(300  .45  1.57  17.4  1.74* 
30407(0(0  1.10  1.40  10.0  1.770 
3(00605(0  1.3(  1.34  17.0  1.006 


3*405(1.(0  1.05  1.7?  10.4  1.5(0  • 
50  5  04  (  4  0  3  1.51  1.30  17.7  1.(40 

5  0  5  00  0  4  0  0  1.04  1.51  17.0  1.7(1  ■ 

545001007  1.70  (.50  17.7  1.410 

505001500  .40  l.(0  17*6  1.470 

544041000  1.73  t.4l  17.4  1.725  - 

54005(000  1.40  .47  10.5  1.650 

696.60400  1.73  1.57  17.4  1.770  - 

546001 1 00  .07  1.44  17.0  1.030 

5070411(1  .41  1.(6  14.4  1.4(0 

54404(400  1.51  1.(15  17.6  1.400 

5  1  000  0  6  0  0  1.40  1.(0  17.1  1.0  3  0 

440001000  1.15  1.61  17.0  1.473 
506041504  .74  1.75  17.6  1.(57 

407(«1(((  1.2*  (.55  17.0  1.640  - 

404061100  1.04  1.57  17.5  1.770 
404041400  1.33  1.41  17.0  1.739 
4  0  4  05  0410  1.67  1.61  17.0  1.6  2  3  - 
404071 000  1.07  1,53  t7.6  1.770 
410060000  t.65  1.57  16.4  1.620 

4  1  006  0  4  00  1.55  1.47  16.4  1.656 
510161600  1.00  1.34  14.1  1.401 
606001501  .70  1.64  17.7  1.060  - 

606001600  .45  1.47  17.6  1.060 

6060*1600  .40  1.57  17.6  1.016 

604041(00  1.44  1.(4  16.6  1.600 
604071(00  1.75  1.6?  17.1  1.650 
604071(10  1.16  1.54  17.1  1.750  . 

404071(00  1.74  1.67  17.1  1.736  , 

6  1  006  1  000  1.65  1.53  16.7  1.7  26  , 

416060400  (.72  1.01  16.6  t.550  , 

615046000  1.73  1,73  16.4  1.660 

744041510  1.51  1.34  15.4  1.710  , 

704102(00  1.(7  1.44  17.3  1.047  , 

7(4071500  1.70  1.65  16.4  1.700 

704171501  1.14  1.54  16.4  1.733  , 

7440715(0  1.34  1.(4  16.4  1.700 

704041400  1.32  1.92  17.7  1.770  . 

7140416(1  1.76  1.57  17.3  1.740  . 

*06061(01  l.((  1,77  15.5  1.740 

60 4041 0((  l.|4  1,31  17.0  1.770 


-.054  HFTHVIFNF  niNlTRAHTNE  IHFniNA) 

.066  FTMVIFNf  OINITRAIINF  IFnNA) 

-.002  TRINT  TROFTNYl  HFTHYL  NTTRAHINE 
-.0  30  TPINITROFTMUNtTROCOANtrUNF 

.004  i.i.r-trinitrazacyciohexane  croxi 

-.001  N-HETHYt  FTHYLFNEDTNITRAHINF 
.0(6  TRTFLUOROETNYC.  TRINITROETHYl  NITRARTNE 
-.003  TRTNI TROCTHYl  CYANOHETHTl  NITRAHIKE 
.0(1  8TSI7tU0PO1)TNITR0fTHYL)  NTTRAHINE 
•  07(  8  IS (TRINITROFTMYL )  N ITRAHINE  ((TNENI 

-.057  N— HE THYl -N-HITRO- f TRINITROFTMYl)  CA0(  AHATE 
.012  N.NP-ntHFTMYt-N, NP-DINI TRO-OYAHIOE 
-.002  N-NIYRO-N-1 TRINITROETHYl) GLYCINE AHIDE 
.043  TRINTTROETHYL  NITRATOETHVl  N ITRAHINE 
.055  H-Nl  TRO-N-  I TRINITROETHYl) ETHANESUl EON AH IOE 

.114  1  *3 *4f 7-TETRMlT TRA7ACYRLOOCT ANE  IKHX) 

.0  37  3-KtTR A2 A-t , 4-PENTANFOIN ITRARTNC 
.0  25  N  *3. 3»5.4-PCNTANtTROPIPERK*IK'E 
.016  TPIMtTROETHYL  TRINITROFROPYL  NTTRAHINE 
-.003  TRINITROCTHYt  H— ETMYL-M— MITROCARBANATE 

.056  1 « 1* l-TR|MtTRO— 6— KITRAT0-3-M 1TRA2AHEXANE 

.0(5  (2,2-r)INITR0PR0PYL)  NITrATOETMYL  NlTRAHINF 
-.007  YRINtTROETHVl  2— NETMOXYETHYL  NTTRAHINE 
.001  l,l,l-TRINITRO-S,6-OINITRA7AHEPTANE 
.016  6.6-QINITRO— 2.6— DINITRAja HEPTANE 

.031  3. 3-0TNTTR0-1.5-PCNT ANE  OTH ITRAHINE 

.020  l,4-OtNIT5ATO-2,6,6,6-TETRANTTRA2ANCNANE 
-.011  i-NITRO-2 ,5-BIS ITPINITROHETMYl) PYROIL IOTNE 
.014  TRINITROFTHYL  N-ITRINITROFTHYLINITRARINOACETATE 
-.016  TRINITROETHYl  N-NITRO-N-  (TRINITROPROPYll  CARS  A  RATE 

-.036  TRINITROFTMYl  6 -N I TR A2A PENT  A  SO ATE 
■.066  TRINITPOPROPYL  » 2, 2-OINI TROPPOPYL1  NTTRAHINE 
.(32  TRINITROETHYl,  7 ,(-DI NITRAZAHFXANOATE 
.(36  TRINITROETHYl  1 3,  J-OTNTTROBUTVl)  NITRAHTNE 
.040  BIS  (  2 , 2-OINI  TROPROPYl)  N I TRAMINE 

.032  1.7— DINE THOXY- 2.6,6- TRINITRA 2AHEPT ANE 

.0(0  3.6-OINITRA2A-1 » 0-0CYANFOINI TRAHINE 
.  000  N-HF THYL-N. 7.6. 6-TETRANI TROANIl INF  ITETRVll 
.010  BIS  1 T(  IN ITROETNYl 1  2 .6-0 TNITRAZAPEMY ANFDIOATF 
•.010  2 .2- 01  NT TROPROPYl  (, 5,5-TRINITR0-2-NITRA2APENYAN0ATE 

.015  TRINITROETHYl  4 .4-OINITRO-2-N1TRA7AMEXANOATF 
.010  TRINITROETHYl  5 .4-01  Nl TR0-1- MTRA2 AHFXANOATE 
,00(  N-HTYRO-N,NP-BYSCTRINITROPROPYUORf* 

.021  TRTNITROFTNVl  6.6-0IN1TR0-2. 5-DINI1RA2AHEPTANOAYC 
.001  N-l  TRINITROETHYl) -N-NITRO-N-MTROBCN2CNESUirORAH(De 

.011  BIS  I  TRINITROETHYl)  3-NIT5A7APENTAREMOATE 


o 


/ 
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TABLE  1.  (continued) 


r-M-N-O-X 

I.S. 

no2  * 

NM1/2  Pu  AP 

AMI  tt  III 

.*5 

1.50 

17.1 

1.A03  .006 

Miimii 

l.tl 

t.RR 

17.R 

1.710  -.1R3 

A17O617O0 

1.67 

1.30 

16.7 

1.611  .006 

AIRNIIBI 

l.*l 

1.R1 

15.5 

1.707  .171 

AtRIAIIII 

I.5S 

1.15 

16.1 

1.650  « 11A 

AIR  OM  Ml 

1.A5 

t.RR 

16. 6 

1.510  -.057 

AtMIIMI 

1.5Z 

•  5A 

17.5 

1. 056  .700 

51*051  MB 

i.n 

1.31 

15. A 

1.760  .077 

51I1I1MI 

i.n 

1.R6 

16.5 

l.AOO  .165 

*IBlRf  Ml 

I.1A 

1.51 

17.5 

1.055  .137 

RIEieiMO 

i.n 

1.35 

17.1 

1.755  -.001 

5IZ1ZZOIO 

I*  OR 

1.66 

17.3 

1.011  .050 

Rimtiii 

1.00 

l.«R 

17.3 

1.010  .OR* 

11 1  MAI  III 

I.R5 

t.ai 

16.5 

1.630  -.067 

lBtttlf III 

l.R? 

1.55 

16.5 

1.730  -.005 

IHMIIIII 

l.PR 

1.3A 

17.7 

1.775  -.016 

1B1RIAIRIA 

1.57 

l.PR 

16.0 

1.530  .070 

IBI6IA16IB 

l.PR 

1.5* 

16.5 

1.665  .055 

IO161RZ0IO 

I.fB 

1.53 

17.3 

1.771  .001 

mziMRie 

1.31 

l.RR 

17.1 

1.7R6  -.077 

lmtrzRii 

1.05 

t.RR 

17.1 

1.763  -.010 

I11AII1AIB 

I.BR 

1.R6 

16. R 

1.708  .107 

utAtiteii 

1.57 

l.RR 

16. R 

1.676  .075 

tmiBMii 

l.M 

1.30 

16.7 

1.650  -.075 

imiinii 

>.10 

l.P* 

16.5 

1.770  .161 

I7161R7ROO 

1.75 

1.35 

17.0 

1.700  .065 

i pi Aiez aii 

1.36 

1.67 

17.3 

1.7R0  -.015 

1MA1IMII 

7.1R 

1.76 

16.7 

1.660  .077 

1616163000 

1.05 

l.RR 

17.1 

1.767  -.007 

15IA1AZMI 

l.lt 

l.OR 

16. A 

1.765  .013 

btsi itrimitropropyli  n.np-mnitrooxipioe 

BIS (TRINITROETHYLI  7,6* 6-TRINITRAZAHEPTANE0I0ATE 
?» 7-01 Nt TROPROPYL  6,5-niNITRC-?-NITRAZAMrXAN0ATE 
BIS ( 7  *  7-OINITRO0UTVL I  NIT RANINE 

N,NP-DINITRO-N,NP-BISf3-NITR*7ABl/TYLlOXAHI0E 

7»Z»5,9-TETRANTTRO-R,7-OINIT»AZAOEC*NE 

PISt R-AHINO-Z, P-DINITROBUTYLINIYRAHINE  OINITRRTE  (SALT! 

1  »3*S-TRIS(METHYLNITRAMtN0l-7,R*6“TRINITR0BEN3ENB 
N,NP-OINITRO  HFTHYLENE  BISIR  ,R,  R-TRINITROBUTVAAHIOBl 

BIStS  ,1,  5-TRTNITR0-3-NlTRAZAPENTANeYl)HPTHYLFI»E0INITRA  NINE 
HFTHYLENE  B 15(5 ,5 ,5-TRlNITR0-3-MITR»Z APPNTAN0AHI0E1 

1.1.1.6.6, U,It,II-0CTANITR0-3,5-0INITRAZAUN07CANE 

1.1. 1.6,  Rilt.lt ,1 t-OCTANtTRO-R ,0-OTNITRAZAUNDFCANE 
81SI TRINITROETHYLI  R-NITRAZAMEPT RNEOIORTf 

BTSITRINITROFTMYU  3 ,6-DINITRAZAOCTANEOTOATE 
BIS (TRINITROETHYLI  3,5, R-TRINI TRA7AN0NANE0I0A TE 
N,MP-DlHITRn-N,NP—BI3 (3,  S-OTNITROBUTYll OXAHIOE 
R ,R, A , R-TETRRRITRO-1 t 1 1-HINI TRATO-E-N ITAAZAUNOECANF 
1,1,1,16,16,  1R-MEXAN  ITRO-3,6  ,5,17-TF  TRANITRAZ ITETRABECANE 

3.7- OTNITROPROPAKEOI OL  BIS(5,5,5-TRINXTR0-Z-NITRAZAPENTAN0ATEI 
BIS  (TRINITROETHYLI  5  »5-DTNITR0-7  t  •-EINTTRAZANCNANC'OIOATE 
Z»7*7,T,  lZj  IZ-HEXANtTRO-R  t  tl-DIHITRAZATRIOECANE 

7*7,  T, 7, 17, 13-HEXANITR0-5*5-DTNt TRAZATRIOECANE 
l,R-8tS(B,B,B-TRINITR0-Z-NITRAZAPENTAN0ATCI-E-0UTYNE 

8IS(TRINITR0ETHYll  R,T-OINITRAZAOECANEOTOATE 

BIS( TRIN ITROETMYLI  7,5,0, Il-TETRANITRAZAnOnECANEOIOA TE 

l,t,t,6,6,10,lO,15,l5,15-nFCANTTRO-3,O,i3-TRINITRAZAPENTAOECANE 

7.7- niNITROPROPANEDIOL  BI3l5,5-DlNITR0-?-NITAAXAHEX  ANOATEI 

bisitrinitroethyli  5 ,5*  6*5“Tetranitro-z*7»i?-trinitrazatridecaneoioate 

1 ,3, 5-TRXS I L -0X0-5  ,5  ,5-TRINTTR0-3-N I TRAZAPENTYLI -S-TRIAZACYCLOHEXANE 


*I.S.-log10  h60 

NO,#  -  MOLAR  NUMBER  OF  NITRO  GROUPS  PER  lOOg  OF  EXPLOSIVE 

NM*/2  ■  SEE  TEXT 
P o  -  CRYSTAL  DENSITY,  g/cm3 

AP  -  DENSITY  DIFFERENCE  (OBSERVED-CALCULATED),  SEE  TEXT 
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TABLE  2.  LIST  OF  NITROAROMATIC  COMPOUNDS* 


fi-H-H-*.*  |.s.  NOa*  NMV2  Pe  AP 

393*4*4*9  1.14  1.11  14. J  1.67*  -.669  4-MFTHVL-l,5-niNtY60TRIAZ0LE 
lltirillt  t.l)  1.77  16.6  1.648  -.184  2,5-OlNI TROFURAN 

686161618  1.46  1.24  16.6  1.767  .818  4-l2-NrTROFTMYl>-3,6-0INtr*OTRIAZ0lE 

4*7868799  1.36  1.39  14.3  1.679  911  2,4 , 6-TR INITR0PYR1 DtNE-N-OXt OF 

499*1*693  1.42  1.17  13.4  2.989  .987  1,3, 4-TRtFLUOPO~2,4,6-TRINlTROBENZEME 

6*1*3*692  1.64  1.79  16.6  1.648  .886  1 ,3-f)tFLU0R0-2, 6 .6-T6TNI TROBFNZENE 

692*68482  1.31  1.16  15.1  1.429  .841  2,4,  6-TRniTRO-3,5-OIFLUOROANIlINE 

6929619*8  1.16  1.47  15.4  1.769  -.135  PENT ANtTPOANTLTNE 
6*3*1*489  2.98  1.61  13.4  1.688  -.934  1  ,3,4-TRtNTTROBPNZENE 

693*3*7*8  1.46  1.31  16.6  1.763  -.984  2 ,6, 6-TRIN1TROPHENOL 

663*3*1*9  1.63  1.27  16.4  1.974  .816  STYPHM1C  ACin 

6*3948499  |.6l  1.46  14.3  1.678  .979  2, 3,  4 , 6- TETRAMTYROANILINE 

646969689  7.74  1.37  16.6  1.767  .916  2,6 , 6-TRIMITR0AN1L INE 

68694*691  *.  36  1.14  15.7  1.469  .116  2 ,4, 6-TR INI TRO-3,5-OtAMINOFLUOROBEN7ENE 

6*696*699  |.6*  1.34  15.6  1.9*8  .826  1 ,3, 6, 4- TETRAMTTRO-2, 6-01AHI NQBENZEKE 

664*5*6*9  2.41  1.23  16.8  1.637  .978  1 ,3-01AMtM0-2, 4,6-TRINITR08ENZEME  I06TB1 

6*496*79*  2.9*  1.16  15.2  1.364  .153  3,5-OrAMTNO  RtCRtC  ACW 

6*6*6*698  J.51  1.16  15.7  1.468  .166  1 ,1,5-TRI6HtN0-2 ,6 ,6-TRINYTROBENZFNC  1T6TBI 

792*6969*  2.14  1.26  13.6  1.719  -.08*  2,4,6-TBINtTR04FN70NITPILC 

7*2*51*91  1.26  1.64  15.4  1.679  .094  2,4, 6— TR INIT ROFLUOROOIN I TROHETHYL BENZENE 

7*6*4*79*  1.62  1.17  14.2  1.71*  .924  2,4. 6-TR INTTRORENZALDOFIME 

794*39698  2.97  1.37  13.5  1.61*  -.823  l-(D|MtTROME THTL1  -3- NITROBENZENE 
794*3*619  2.28  1.32  13.4  1.644  .921  2,4,6-TRTNITROTOlUENE  1TMT1 

794*3*789  1.76  1.23  14.6  1.64*  .*13  3— METHTL-2, 4  ,6-TRtNtTROPHFMOt 

4*4061218  1.11  1.69  14.4  1.638  .923  TRJMITR0CTHYL-7,4,6-TRINITR0BENZEME 

694*3*649  1.41  1.24  12.6  1.697  -.999  2 ,4. 6— TR INITROSTYRENE 

6979519*1  2.27  1.11  13.6  1.788  -.8.37  N-fTRlNI TPOETHVII-M-NITROBEMZFNESULFONAMIOE 

6  *  784  1  991  1.41  1.  19  1  3.6  1.74  8  .  843  N-1TRINITROETMYH-P-NITR09FN7ENFSOIFONAHIDE 

496661499  1.3*  1.63  15.4  1.609  -.813  TPIHTTROFTHYL  2,4 * 6-T* TMITRO rfNZOA TE 

494961911  2.02  1.15  14.6  1.760  .853  FLOOR 001  MI TR0F7MYL  3 ,5-0lNm0BFN70ATE 

4648412*9  1.66  1.33  15.9  1.666  -.0*7  TRINTTROFTHYL  3 ,5-niMITR0BFNZ03TE 

405941366  1.64  1.74  14.2  1.649  -.134  TRIMTIRQFTHYL  3, 5-DIRITROSAL TCVLATE 

4#*!  979880  1.46  1,1*  14.2  1.766  .936  4- (7,4-0  IMTT60BFNZVL1-3 , 4-01  NITRO- 1 ,2, 4-TRT*  ZOLE 

48606969*  7.51  t.92  13.3  1.494  -.146  4- 1P-NITROBFNZYLI  -3, 5-0INITP0-1, 2, 4-TRI6ZOLE 

406961299  1.32  1.54  15.2  1.799  -.843  l-<TRINtTR0PR0P7Ll-Z,4,6-TRINITR0(ENZENt 

467841**9  I.44  1.44  16.6  1.650  -.925  1-IY6TMITR0PR0PYL) -2,4-OIMITFOBENZEME 

14*6946*99  1,0*  1,99  12.4  1,609  .867  1 ,4,4, 6-TETRANTTR0NAPHTHALENE  JTNW) 

19979412*6  2.33  !.**  14.7  1.609  -.944  2 , 7-ntMITR0P6OPYL  7,4,6-TRrNlTPOBIMZO*TF 

1764961288  1,43  1.41  13.7  1.76C  .006  2, 7P, 4 , 4P,6,6P-HE**NtTP0BTPMFNYl 

17*4961499  1.69  1.97  14.2  1.629  -.889  3,3P-DtHYOROXT-Z, 2P, 4, 4P, 6, 6P-HEXANITROBIPHENVI 

1244*6*6*9  1.43  1.93  12.4  1.669  .064  T6COT 

17*4(71966  1.66  |.»7  16.*  1.7*9  .401  B 14 ( 2, 6, 6-TRINfTROPHFNVLI  6NTNF 

179*14129*  1.12  1.92  16.7  1.748  -.894  3,3P-OIA M1N0-2, 2P, 6, 4P,6 ,6P-HEXANITR0BIPHENYl  (OfPAHI 
1364*4119*  1,23  1,2*  n.*  1.768  .894  Z,7P,4,4P,4-PfRTANITP02FN70P7EN0NE  1PENC0I 

1646**17*9  1.31  1,22  13.6  1.778  -.984  2,4-01710*71-1, 3, 6-OXAOt AZOLE 

16  6  6  96  1  2  9  9  1.44  1.93  1  3.2  1.74  9  .  4  3  6  2,7P,4 ,4P,6 ,6P-HEXAMITR03TU |CNE  (HRS) 
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OM-M-O-K 

iminiii 

IMMrtMt 

lUflMMI 

IMMtltll 

IMtHlIH 

IMIMItlt 

itinimtii 

iMuaiiH 

ntMtnw 

fMIIUUI 


TABLE  2.  (continued) 


IJ. 

no2« 

NM1/2 

Po 

AP 

1.6* 

16 

tt.t 

.711 

>.663 

1.66 

77 

17.6 

.766 

>.666 

1.76 

II 

11.6 

.761 

.667 

1.76 

7* 

11.6 

.761 

.667 

1.78 

16 

11.7 

.7(6 

.667 

1.76 

7? 

17. • 

.776 

-.617 

1.66 

11.7 

.761 

-.611 

t.M 

36 

13.7 

.666 

.669 

1.61 

16 

11.7 

1.781 

-.619 

1.77 

16 

11.7 

1 

.766 

.666 

1.66 

76 

11.6 

1 

.776 

—.676 

1.61 

67 

11.6 

1 

.666 

-.167 

t.M 

*7 

13.6 

1 

.766 

-.667 

i,e-otPicevtTHr»rote 

7,9-ntPIcm-3-NITBOTHIOPHFHE 

7,6, 6*67, 7PP,6PP,6PP-HfPT*NIT*0-7P,SP-Dt»76-H-TE«PI«llVl 
2  ,6  ,  (  ,  gP,  2PP,6PP,6PP-HEPT»Nt  T*0-6P*«P-0t»I*-N-TERPME  KVL 

T ,5-QTPICBVLTHT0PM£NE 

»f«»-nTPrcmrop*M 

7,2p,gpp,6,67,6PP,6,»p#6PP-iHM»im»o-H-TrRPMriiYi.  imom*» 

t ,  7P7,  6,  VP*  6PP  *  ft*  »P,  tPP-0CT» M  TftO-H-TCRPHENVl 
2,77, 7PP , 6, 6P7, 9P, 6,  6PP-0CT  INT  T60-P-TE6PHENVI. 

7,77, 7PP, 6,677,6, *P,4PP-0CT»NITR0-7-TEI!PHENYl 
mPtCRVL-S-TRI  ftZCME 

oonrc»Mirpoou»rBRPH«NVL  tnonpcei 

«I0  itll?, 77,6, 67,6. 6P-MExmmM7HEN»n  U6HI 


•SEE  FOOTNOTE  TO  TABLE  1 
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TABLE  3.  LIST  OF  NITROALIPHATIC  COMPOUNDS* 


C-H-N-O-Y  IJ.  NOj*  NM,/2  Po  AP 


nmiiMi 

1.73 

1.03 

17.0 

1.673  -.107 

1*1  *  1  — TRIM  TROFY  HONE 

30404**00 

1.7ft 

1.34 

17.7 

1.767  -.03? 

TRiNtmrTHVL  r*RB*n*TF 

1.07 

1.70 

17.7 

1.766  .071 

1 , l , 1 , 1- TETRAN tYROPROPOME 

31)604*001 

1.10 

1.1ft 

16.7 

1.740  -.076 

N—( TRIHITROCTHYL I MFTMONFSULFONAHICE 

4040*14*1 

1.36 

1.47 

1ft. 1 

1.001  -.135 

B 14 ( TO IN TTR0ETHYL1  SULFITE 

494071.100 

.07 

1.67 

17.7 

1.004  .014 

N*N-fl  141  TRIM  ITR0ETHVL1  HYDROXYL  WINE 

4060407*o 

i;*b 

1.11 

tft.O 

1.764  .076 

TRINITROBUTVRUHtCE 

496040*0* 

i.«ft 

1.7ft 

17.1 

t.ftftO  -.030 

METHYL  N-tTRINITROFTHYLl  CAR80H0TE 

40M40*9t 

1.70 

1.10 

16.3 

1.710  .074 

N- 1  TR  INI  TROE  THYL  >  ETHONESULEONONTOE 

404#ft|4** 

1.30 

1.66 

17.7 

1.000  .014 

6IS( T R IN  I TROETMVL1 CARBONATE  1BTMFC1 

*040*1400 

•  *6 

1.60 

17.3 

1.040  -.047 

N, HP- RTS (TRINXTRO ACETYL  1 METHYL ENCOIAHIME 

4*4  0714*9 

1.70 

1.01 

17.4 

1.040  .064 

Ii1#l»3*5|5,4-MFPT*N ITROPEMTONE 

XltHUII 

1.73 

l.ftO 

17.6 

1.770  -.007 

BISITRINITPOETHOXYIHETHANF 

4o*o4i7*o 

I. 05 

1.37 

tft.7 

1.165  -.170 

N-17-PR0PYU  TRTNtTROOCFTftHIOE 

MBMirti 

.06 

i.ro 

1ft  .ft 

1.734  -.013 

1*1* l*6,6*ft-MEXANITRO“3-MEXVMr 

6*4061600 

1.10 

1.44 

17.0 

1.030  -.071 

BT4|TRTNTTR0FTHrtl  OXALATE 

696041791 

1.70 

1.56 

16.6 

1.731  -.075 

FLUOROOI NITROETMYL  TNINITROBUTYRATE 

(ItKItll 

1.11 

1.5* 

16.6 

1.77ft  -.030 

TRINf YROEYHYL  rLUOPODINITROBUTYRATE 

6*6*617*0 

1.73 

1.06 

1ft. 0 

1.774  .075 

1*1* 1 *6, 6 *6” ME*  ANITRO-3-HEXFNE 

6*60*1400 

1.7* 

1.55 

17.1 

1.703  .003 

TRTN1 TROETMVl  4,4,4-TRINITROOUTANOATE  (YNETBI 

MMItMQ 

1.11 

1.46 

17.7 

1.750  -.073 

BtSITRINITROETHVLl OXAHIDE 

ft*ft04??*i 

1.10 

1.5* 

tft.ft 

1.736  -.000 

TRt5<T®INtTR0ETMrL( PHOSPHATE 

Mrnuii 

1.10 

1.40 

17.0 

1.670  -.114 

TRINITROFTHYL  7, 7-UlNITROPPOPVL  CORBONOYE 

ftoroYtsoo 

1.76 

1.56 

17.1 

1.754  -.017 

N-1  YRtNI  TRftFTHVL  1-4,  4,4-TRINITROBUT VRAHIDE 

timiMt 

1.3* 

1.40 

17.4 

1.040  .016 

1 ,5-BTS 1 TRINTTROETHYll BIURET 

KM  Oft  1*91 

1.7ft 

1.43 

tft.O 

1.701  .070 

BISITRlNTTROPROPYll  SOLEONF 

*1004070* 

7.04 

1.70 

IS.  ft 

1.44?  -.077 

N-IT-BUTYL1  YRTNIYROOGETUHtnF 

totorhoo 

.03 

1.63 

17.4 

1.000  -.061 

YRIS 1 TRI NITROETHYL I  ORTHOFORNATE 

7**9*1300 

1.61 

1.56 

1ft.  ft 

1.707  .005 

1,1 , l, 7, 7,7-HFXf HI TRO— 4-HEP YA NONE 

71*001400 

1.7ft 

1.63 

1ft. 6 

1.013  .07* 

N— (TR INITROFTMVLI -  3*  3*5*5— TC1RAMITR0PIPFRIDINE 

7**0*1600 

1.43 

1.30 

17.7 

1.646  -.047 

METHYLENE  BTS(TRIN  tTNOETHVL  CORBOHOTEI 

704041700 

3.1* 

1.41 

1ft. 4 

1.6*0  .07ft 

7,7-niNI TROPROPYL  TRTMITRORUTYPftTE 

704  041700 

1.06 

1.41 

16.4 

1.1S00  -.054 

YRINt YROEYHYL  4,4-OINITROVALERATC 

7100*1300 

1,37 

1.46 

1ft. 6 

1.710  ,00ft 

BIS( TRINtTRCPROPYLIUPEA 

7100*1300 

1.70 

1.45 

16.6 

1.6*1  -.151 

Bill  1*1* l-TRINTTRO-7- PROPYL  MJREO 

«*t  0*1*00 

1.16 

1.3ft 

Ift.ft 

1.7??  -.044 

*T4| TRINTYROEYHTL1  FUMARATE 

*070*1700 

.70 

1  .5* 

17.7 

1.7*0  -.044 

TRINITROFTHYL  P 15 C TRINI YROf THOXYl ICETOYF 

***04**01 

7.0* 

.64 

13.0 

1.640  -.074 

N- ITR  TNT  TROF  TMYL1 RFN7FN6  SULFONAMIDE 

«U**ftl*0ft 

1.40 

1.40 

1ft. 6 

1.770  .007 

YPIMt TRORUTTRir  ONHTPRTflF 

m.  oftiftoo 

1.54 

l.s36 

tft.ft 

1.6*7  -.047 

6  IS! TRIN  t TROETHTL 1  4UCC INOTF 

*100*1400 

!.ft« 

1.3ft 

Ift.ft 

1.64?  -.01* 

H,NP-RTS ITRINl TR0RR0PYL1  OX*HTflF 

*1 0  Of  3  4*0 

1.4ft 

1  .6* 

tft.ft 

1.703  -.030 

N-  (TRINI TROPPOPTLl -X*  3*5 ift-TFTRINIYROPIPFRIOINE 

*11  0*1700 

7.00 

1.36 

1ft. 1 

1.6*0  .07* 

7, 7- HINT  T R04UTVL  4 ,4 ,4-TRINTTROSUTANOAYF 

*1(0*1700 

7.14 

1.-34 

t*.1 

1.6*0  .06* 

TPINTTROFYMYL  4  ,  4-f)f  Nt  TROHFXANOITF 

*0703**0* 

1.36 

1.00 

13.6 

1.604  -.030 

TRINITROFTHYL  SALICYLATE 

*0*177*00 

1.3* 

!.ft4 

17.3 

1.040  -.035 

TRINITROFTHYL  ORTHOCARRONATF  1 TNFOGI 
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TABLE  3.  (continued) 


r-H~*~o-x 

IJ. 

no3« 

NM1,a  Pp 

AP 

7.00 

1.00 

13.  B 

1.907 

-.007 

otsaoMBt 

t.tt 

•so 

17.7 

1.670 

.070 

O1706I700 

1.3T 

1.70 

16.7 

i.Boe 

.177 

O170B16B0 

to  OS 

1.37 

16.3 

1.600 

.070 

017171*00 

1.  If 

1.96 

17.1 

1.001 

.176 

ItMimil 

I.  IS 

l.M 

16.0 

1.790 

-.076 

1010177000 

1.00 

1.61 

17.6 

1.630 

-.007 

IBt  7061600 

t.  OB 

1.77 

16.1 

1.630 

-.117 

ioiaooiooo 

t.BO 

1.66 

16.7 

1.670 

-»B07 

tmtMMi 

1.70 

1.10 

16.6 

1.570 

-.076 

1016101600 

1.10 

1.01 

16  .6 

1.667 

-.000 

1 II 70B7000 

1.70 

1.30 

16.6 

1.606 

-.016 

lttFBRf  BBB 

1.03 

1 

16.6 

1.710 

.010 

170B061600 

t.M 

1.77 

10.0 

1<610 

-.007 

1717061600 

1.91 

1.71 

16.3 

1.600 

.007 

1716171606 

1.30 

l.H 

t6.6 

1.607 

-.007 

1111007100 

1.70 

t.M 

10.6 

1.670 

-.176 

I916177B0O 

1.01 

l.M 

16.0 

1.700 

.037 

TMNITWf  THYt  7HERYL  Wit* 

R- 1 7»  l  HI  TROt  TH  YU  -7-  3  M.  OEHFSULPONBNTOE 
PONT I POT  THAT T01 TRTNITR*  Tf  7RINTTRO0UT YRAYE 
NFTHVtENC  BI31 YR1NTTP0BUYVB6PIDE! 

t  ,  3*  0— TR ISf  TRTNTTROETMYU-t  *3*0— TR1  I7BCVCL0MEX6NE 
BTSlTRIKITROFTHYtl  7- 1  TR  f  NTTROFTHVU  OUTANEOIOB  f E 

1*1  *  7*  7— teyrikis iypiniypoeyhoxyi  ETHANE 

ETHYIFNE  BIS ITPt NITROSUTYRAT  f  I  INFNAI 
N,N-8IS17,7-0INITR0PR0PYL>  T  AINITROOUTYRAMOE 

BUTAN-l,k-DIOt  BTS(6*6*  6-TRINTTRO-7*-AIIOUTANOATCI 
1 *3-BTS( TRTNITR OPROP YU -0|0—T1NI TR0HEXAHYDR0-l*3-DIAZtNE 
7,7-nYNITROPROPYtENEGlYCOl  R ISITRIHTTRORUTVRATEI 
BISI TRTNITROFTMYU  6*6-DINIT«8HEPTANEDinATE 
BISITRINITROETNVUPMTHAtATF 

BUTYNFOIOl.  BIS  t  TRINITR0BUTYR1TCI 
l*3,0-TRISIT»IHTTROPROPYU-t  ,3*0-TRIA7ACVC1l0MEXANF 
TRIS1TRTNTTR0FTHYU  0RTH0BFN7OATF 

BISITRINITROETHYU  6*  6*  6*6,  B  ,B-HEX*NIT*OUNOECANeniOATF 


•SEE  FOOTNOTE  TO  TABLE  1 
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Following  Kamlet's  arguments  2,3,  impact  sensitivities  are  plotted  as 
logl()(50%  height).  Crystal  densities  were  determined  by  flotation  or  x-ray 
diffraction.  N  and  M  were  calculated  according  to  Kamlet^,  using  the  CO2 
arbitrary  as  the  basis  for  determining  the  detonation  stoichiometry,  except  that 
HF  was  added  as  the  first  product  in  C,  H,  N,  0,  F  compounds,  and  that  N  as  used 
herein  represents  the  number  of  moles  of  gas  per  lOOg  of  explosive. 

COMPUTATIONAL  TECHNIQUES 

All  calculations,  data  handling  and  plotting  for  this  study  were  performed 
with  the  CDC  6500  at  the  Naval  Surface  Weapons  Center,  White  Oak,  using  an 
expanded  version  of  the  code,  DENSTY,  used  to  develop  our  method  of  "normal" 
density  estimation**.  This  code  produces  and  uses  a  data  base  consisting  of 
packed,  variable  length  compound  records  containing  the  number  of  words  in  the 
record,  a  reference  number,  sort  code,  the  density,  melting  point,  impact 
sensitivity  (stored  as  log^g  50%  height),  class  designation,  molecular 
contents  (atom  types  and  number  of  nitro  groups),  and  text  (name  of  the 
compound).  For  this  study,  the  class  designations  used  were  nitramines, 
aromatics  and  aliphatics.  Between  runs,  the  data  base  was  stored  on  magnetic 
tape  as  a  file  containing  1000  word  physical  records. 

As  this  data  base  file  ie  read  by  DENSTY,  the  calculated  "normal"  density, 
number  of  nitro  groups  per  lOOg  (NO2#),  moles  of  detonation  gas  per  lOOg  (N), 
and  NM*/^  where  M  is  the  average  molecular  weight  of  product  gases  are 
calculated  for  each  compound  and  stored  in  the  computer  memory  along  with  the 
data  from  the  file.  The  density  is  calculated  as  previously  described**. 

The  PLOTR  subroutine  of  the  DENSTY  code  can  be  called  to  plot  (using  the 
line  printer)  any  two  of  these  quantities  stored  in  the  computer  core  (Fig. 
1-18).  In  these  plots  a  letter  denotes  a  single  data  point*,  a  O  indicates 
multiple  points.  In  like  manner,  subroutine  TRENDR  can  be  called  to  calculate  a 
two  parameter,  slope-intercept  least-squares  line  between  any  two  quantities. 
Weighting  schemes  can  be  applied  to  the  data  for  determination  of  these  line 
parameters;  and  the  lines  can  be  included  in  subsequent  plots  as  shown  in  Fig. 
1-18.  TRENDR  also  calculates  two  types  of  correlation  coefficients  between  the 
unweighted  data  as  given  in  Table  4.  The  "least-squares"  correlation 
coefficient  is  calculated  with  the  following  formula: 


n  ZXiYi  -  ZXi  ZYi 

LSCC  *  . . . .  ■■■■"■  . . 

y2  2  J 2  2 

nZXi  -  (ZXi)  fnZYi  -  (SY^ 


^See  Reference  2  on  page  2  . 

■*See  Reference  3  on  page  2  - 

^See  Reference  5  on  page  2  . 

8Cichra,  D.  A.,  Holden,  J.  R. ,  and  Dickinson,  C.,  NSWC  TR  79-273,  Feb  1980. 
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where  n  is  the  number  of  compounds  end  X£  and  are  the  values  of  the 
designated  quantities  for  (compound)  i.  Possible  values  of  LSCC  range  from 
+1.000  for  a  perfect  direct  linear  correlation  down  to  -*1.000  for  a  perfect 
inverse  linear  correlation.  A  value  of  0.000  means  no  correlation  -  perfectly 
random  values. 

The  "rank  difference"  correlation  coefficient  does  not  depend  upon  a  linear 
relationship,  but  measures  the  extent  to  which  one  quantity  increases  or 
decreases  as  the  second  specified  quantity  increases.  It  is  given  by  the 
following  formula: 


6  2( Ri  -  Si)2 
RDCC  -  1  -  . . . - . — i 

n  (n2  -  1) 

where  n  is  the  number  of  compounds  and  Ri  and  Si  are  sorted  list  locations 
of  the  two  designated  quantities  for  compound  i  -  that  is,  l  for  the  largest 
value  down  to  n  for  the  smallest  value  of  the  quantity.  Values  of  RDCC  range 
from  +1.000  if  the  sort  orders  of  the  two  quantities  are  identical  down  to 
-1.000  if  the  sort  orders  are  exactly  reversed  -  the  compound  with  the  largest 
value  of  the  first  quantity  has  the  smallest  value  of  the  second  quantity,  etc.. 

Another  subroutine  of  the  expanded  DENSTY  code,  LSTSQR,  can  be  called  to 
perform  a  multiparameter  least-squares  fit  to  an  equation  of  the  following  type: 

Y  «  CiX).  +  C2X2  +  C3X3  +  . 

where  Y,  X]_ ,  X2 . . . .  are  measured  or  calculated  quanitities  stored  in  the 
computer  core  associated  with  each  compound  of  the  data  base.  One  of  the  X 
quantities  can  be  specified  as  unity  so  that  the  relation  is  of  the  following 
type: 


y  ■  Ci  +  c2x2  +  :3x3  +  . 

This  option  was  used  to  determine  the  coefficients  of  the  multiparameter 
equations  relating  log^ohso  to  N02#,  NM1/2  and  PQ  given  later  in  this 
report  (p.13,14,15).  A  calculated  value  of  Y  (in  this  case,  logiQhjo) 
determined  with  the  derived  values  of  C^,  C2,  etc.  is  stored  in  the  computer 
core  for  each  compound.  These  calculated  values  of  logigli50  were  then 
compared  to  the  measured  values  by  subroutine  TRENDR  to  determine  the 
correlation  coefficients  given  for  each  relationship. 
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RESULTS  AND  DISCUSSION 


The  first  correlations  investigated  were  between  impact  sensitivity  (as 
logio  (150)  and  N,  the  number  of  moles  of  detonation  gas  per  lOOg  of 
explosive  as  calculated  by  the  CO2  arbitrary.  These  plots  showed  very  low 
least  squares  correlation  coefficients  (0.26  for  the  nitramines,  0.05  for  the 
nitroaromatics ,  and  0.19  for  the  nitroaliphatic  compounds),  indicating  complete 
lack  of  correlation  between  these  two  parameters.  It  was  tempting  to  conclude 
from  this  observation  that  optimization  of  N  might  be  a  mechanism  for  increasing 
performance  but  not  sensitivity,  until  it  was  realized  that  N  is  not  an 
independent  variable  because  in  a  system  restricted  to  C,  H,  N,  0,  F  it  is 
coupled  to  M  via  the  CO2  arbitrary. 

Kamlet  has  shown  that,  for  C,  H,  N,  0,  F  compounds,  detonation  pressure, 
detonation  velocity,  cylinder  wall  energies  and  velocities,  and  a  number  of 
other  explosive  effects^  are  a  function  of  the  parameter  M  which  is  defined  by 
the  expression  if  *  NM^'2q1/2.  This  appears  to  be  the  only  instance  where  a 
direct  and  quantitative  relationship  has  been  established  between  the  amount  and 
character  of  the  detonation  gas  and  explosive  performance.  Therefore,  the 
quantity,  NM*'2,  appeared  to  be  the  most  reasonable  function  with  which  to 
study  the  relationships  between  detonation  gas  and  other  explosive  phenomena. 

Our  next  series  of  plots  were,  therefore,  of  impact  sensitivity  vs.  NM1/2. 

These  plots  are  shown  in  Fig.  1-3.  In  interpreting  these  and  the  other  impact 
sensitivity  plots,  the  statement  made  about  the  consistancy  of  the  data  should 
be  noted.  Second,  since  impact  sensitivity  depends  on  many  other  parameters, 
only  broad  trends  can  reasonably  be  expected  in  single  parameter  correlations 
unless  this  parameter  is  dominant.  The  initial  objective  here  was  not  to  obtain 
an  optimized  multiparameter  description  of  impact  sensitivity  but  rather  to 
discern  effects  of  single  molecular  properties  on  it.  Thirdly,  since  impact 
sensitivity  is  a  strong  function  of  oxygen  balance,  it  was  important  to 
determine  the  relationship,  if  any,  between  NM^/2  and  oxygen  balance.  For  the 
sake  of  convenience,  we  have  used  the  molar  number  of  nitro  groups  per  lOOg  of 
explosive  (NO2#)  as  an  approximate  measure  of  oxygen  balance,  and  the 
dependence  of  impact  sensitivity  on  this  parameter  for  the  three  classes  of 


4 


See  Reference  4  on  page 


2  . 


*N02# 


#  of  Nitro  groups  per  molecule  x  100 
molecular  weight 
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nicro  compounds  studied  here  is  shown  in  Figures  4-6.  It  is  seen  that  the 
relationship  is  qualtatively  identical  to  that  found  by  Kamlet  for  impact 
sensitivity  and  oxygen  balance:  in  each  case,  the  decreases 

linearly  with  increasing  N02#,  with  almost  identical  least  squares  correlation 
coefficients  (Table  4).  The  plots  of  NM*'2  vg,  no2#  ats  shown  in 
Figures  7-9. 

Comparison  of  Figures  1-3  with  Figures  7-9  shows  a  parallel  between  the 

1.5. /NM*'2  an<j  nm1'2/N02#  plots:  if  there  is  a  trend  in  the  NM*'2  vs. 

N02#  plot,  there  is  also  one  in  the  I.S.  vs.  NM*'2  plot.  This  is  clearly 

the  case  for  the  nitroaliphatics ;  a  lesser  trend  is  noted  in  both  plots  for  the 
nitraminea,  and  no  trend  is  apparent  in  either  plot  for  the  aromatic  compounds. 
This  visually  detectable  parallel  is  also  apparent  in  the  least  squares 
correlation  coefficients  (Table  4),  which  increase  in  the  order, 
aromatics  <  nitraminea  <  nitroaliphatics  for  both  series  of  plots.  We  interpret 
these  two  sets  of  plots  and  the  correspondence  in  correlation  coefficients  to 
mean  that  proportionality  between  I.S.  and  NM^/2  is  observed  only  when  NM*/2 
is  a  function  of  N02#,  and  that  this  proportionality  is  basically  one  between 

1.5.  and  N02lft.  In  other  words,  if  NM*'2  could  be  varied  with  no  change  of 
N02#,  there  would  be  no  effect  on  impact  sensitivity.  Whether  this  finding 
has  utility  in  the  design  of  new  IHPE  molecules  has  not  yet  been  ascertained. 

The  above  conclusion  is  substantiated  by  the  results  of  simultaneous 
2-parameter  least  squares  fits  of  impact  sensitivity  to  N02#  and  NM^2  for 
the  three  classes  of  compounds.  The  equations  and  coefficients  are  as  follows: 

Nitraminea 

lo«l0h50  "  4.512  -  1.224(N02#)  -  O.OSSiNM1/2) 
correlation  coefficient  0.67 

Aromatics 

lo«l0h50  "  3.764  -  1.739(N02#)  +  0.02KNM1/2) 
correlation  coefficient  0.62 

Aliphatics 

lo«10h50  *  4.636  -  0.809(N02#)  -  0.123(NM1/2) 
correlation  coefficient  0.68 

Note  that  the  correlation  coefficients  are  not  significantly  higher  than  those 
listed  in  Table  4  for  the  plots  of  I.S.  against  N02#  alone  (0.65,  0.62,  and 
0.65).  Therefore,  treating  NM^'2  as  an  additional  "independent"  variable  does 
not  affect  the  observed  relationship  between  I.S.  and  N02$. 
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The  next  sets  of  plots  shown  in  Figures  10*12  end  13-15  ere  the 
corresponding  correletions  of  impect  sensitivity  with  PQ,  end  of  PQ  with 
NOj#'  Agein,  es  in  the  case  of  the  NM*'2  plots,  there  is  e  parallel  between 
the  two  series;  i.e.  significant  correlation  for  the  nitremines  end 
nitroeliphatics  but  no  correlation  for  the  nitroarometics.  Again,  this  visual 
analysis  is  confirmed  by  the  least  squares  correlation  coefficients  (Table  4). 
Using  an  analogous  interpretation,  one  concludes  that  impact  sensitivity  is  only 
a  function  of  P0  to  the  extent  that  P0  is  dependent  on  the  NO2  content  of 
the  molecule.  However,  the  results  from  2-parameter  least  squares  fits  of 
impact  sensitivity  to  N02#  and  PQ  are  not  as  clear  in  their  implications: 

Nitremines 

logiQhso  -  5.855  -  O.916(NO20)  -  l.853(P0> 


correlation  coefficient  0.79 


Aromatics 


logi0h50  -  4.403  -  1.704(N02#)  -  0.222(Po) 


correlation  coefficient  0.62 


Aliphatics 


logiohjo  *  5.480  "  O.86KNO2#)  -  1.624(P0) 
correlation  coefficient  0.74 

Adding  Pc  as  a  second  "independent"  variable  has  no  effect  on  the  correlation 
coefficient  between  I.S.  and  N02#  for  the  aromatic  compounds.  However,  this 
action  increases  the  correlation  coefficient  for  the  nitramines  from  0.65  to 
0.79  and  nitroaliphatics  from  0.65  to  0.74. 

Whether  this  increase  is  significant  is  not  clear,  but  greater  caution  is 
required  in  the  interpretation  of  the  I.S.  vs  PQ  plots  than  for  the  I.S.  vs 
NM1/2  correlations.  Certainly,  among  the  aromatic  compounds,  no  sensitivity 
penalty  is  to  be  expected  when  performance  is  maximized  by  choosing  the  densest 
compound  at  any  selected  nitro  group  content.  For  the  other  classes  of 
compounds,  Figures  10  and  12  indicate  that  I.S.  is,  at  worst,  a  linear  function 
of  PQ.  When  performance  parameters  are  functions  of  a  higher  power  of  PQ, 
as  is  the  case  in  metal  acceleration,  high  density  compounds  will  permit 
favorable  performance  sensitivity  trade-offs  in  these  classes  as  well. 

Holden8  has  recently  developed  an  empirical  method  for  the  calculation  of 
crystal  densities  uf  nitro  compounds  from  chemical  composition  and  bonding 
environments  of  the  constituent  atoms.  This  method,  because  it  rests  on  a  large 


See  Reference  8  on  page 


data  baas,  permits  a  meaningful  identification  of  compounds  with  "exceptional 
insities",  i.e.»  densities  that  are  larger  or  smaller  than  the  norm  for  a  given 
emical  composition  and  molecular  structure.  It  was  of  interest  in  the  present 
context  co  examine  the  relationship  between  impact  sensitivity  and  A P ,  the 
difference  between  observed  and  calculated  density.  These  plots  are  shown  in 
Figures  16-18.  Both  visual  analysis  and  least  squares  correlation  coefficients 
(Table  4)  indicate  little  correlation  and  an  inverse  relationship,  if  any 
(tendency  toward  decreased  I.S.  with  increasing  Ap)  .  This  observation  is 
substantiated  by  the  following  3-parameter  least  squares  fits  of  I.S.  to  N02#, 
NM1'2  and  Ap. 

Nitramines 

lo«10h50  *  4**09  ~  1*181(N02#)  -  0.083(NMl/2)  +  0.713(Ap  ) 
correlation  coefficient  0.68 

Aromatics 

lo8l0h50  *  3.655  -  1.639(N02#)  +  0.019CNM1/2)  +  0.560(Ap  ) 
correlation  coefficient  0.63 

Aliphatics 

logi0h50  3  4.602  -  0.849(N02#)  -  O.l^CNM1/2)  +  0.7411(4p  ) 
correlation  coefficient  0.69 

As  can  be  seen,  the  correlation  coefficients  are  only  insignificantly  higher 
than  those  for  the  I.S.  fits  to  N02#  and  NM*/2  (0.67,  0.62  and  0.68). 

These  results  indicate  that  Ap  does  not  have  a  significant  effect  on  impact 
sensitivity.  The  positive  values  of  the  Ap  coefficients  in  the  least  squares 
equations  above  suggest  that  if  Ap  has  any  effect,  it  is  that  positive  values 
tend  to  lower  the  sensitivity  (produce  larger  values  of  logighso^* 

Therefore,  explosive  performance  can  be  increased  with  no  sensitivity  penalty  by 
choosing  compounds  with  exceptionally  high  densities  for  their  molecular 
composition;  that  is  compounds  with  large,  positive  values  of  Ap  . 

A  curious  feature  of  the  correlations  carried  out  here  is  the  similarity  in 
the  variation  of  the  correlation  coefficients  for  the  I.S.  vs  NM*/2  and  the 
I.S.  vs  PQ  plots  among  the  three  classes,  i.e.,  significant  correlations  for 
the  nitramines  and  nitroaliphatics ,  but  no  correlation  for  the  nitroaromatics  in 
both  series.  Whether  this  is  coincidence  or  a  pecularity  of  the  set  of 
compounds  used  in  this  work  is  not  clear  at  this  point. 

It  is  of  interest  to  examine  the  structures  of  those  compounds  which  show 
the  largest  positive  deviation  from  the  regression  lines  in  the  I.S , / P~  and 
the  I.S./NM*/2  plots,  and  are  thus  the  least  sensitive  for  a  given  NM*'2  or 
pQ.  These  compounds  are  listed  in  Tables  5,  6,  and  7.  In  the  aromatic 
series,  because  of  lack  of  correlations,  these  compounds  are  those  with  the 
lowest  impact  sensitivities,  and  are  the  same  for  both  plots.  However,  it  is 
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noted  that  even  for  the  nitramines  and  the  nitroeliphatic  compounds  the  same 
exceptional  structures  are  often  present  in  both  the  NM1/2  and  pQ  plots.  In 
these  cases  a  likely  reason  is  the  dependence  of  both  NM1/2  and  P0  on 
NO2#*  and  indeed  many  of  these  compounds  are  also  exceptional  in  the 
I.S./NO2#  plots.  Beyond  this,  the  structures  in  the  three  series  of  compounds 
appear  to  have  little  else  in  common.  The  structures  common  to  the  and 

p0  plots  should  represent  potential  IHPE'a  and  are  worthy  of  further 
investigation. 


16 


NSWC  TR  80-495 


SUMMARY  AND  CONCLUSIONS 


Significant  positive  trends  have  been  observed  for  correlations  of  impact 
sensitivity  (I.S.)  with  NO2#,  Pq,  NM1/2,  and  of  NO2#  with  Pq  and 
NM*'2  for  series  of  polynitroaliphatic  compounds  and  nitramines.  The  trends 
in  l.S.  with  NM^2  and  PQ  appear  to  be  caused  by  the  dependence  of  all  three 
parameters  on  the  NO2#.  Ap  .  an  increment  of  exceptional  density,  is  found  to 
be  independent  of  I.S.,  or  may  decrease  it  slightly. 

By  contrast,  in  a  series  of  polynitroaromatic  compounds,  the  only 
correlations  exhibiting  significant  trends  are  between  I.S.  and  NO2#. 

The  trends  observed  are  in  general  quite  broad.  This  is  believed  to  be  due, 
in  part,  to  variations  in  the  conditions  under  which  the  impact  sensitivities 
were  determined.  Despite  this  shortcoming  inherent  to  the  data  set,  a  number  of 
tentative  conclusions  relevant  to  the  design  of  IHPE's  are  drawn  from  the 
correlations  carried  out  herein,  and  are  offered  for  consideration: 

1.  The  overriding  factor  determining  both  performance  in  metal  acceleration 
and  impact  sensitivity  is  the  N02#,  or  more  generally  the  oxygen  balance  of 

the  compound. 

2.  To  the  extent  that  NM1/2  and/or  PQ  can  be  increased  independent  of 
NO2#,  favorable  performance/sensitivity  ratios  should  be  possible.  This 
appears  most  feasible  for  polynitroaromatic  compounds  because  of  a  general 
absence  of  significant  correlations  between  PQ,  NM^2,  and  NO2#. 

3.  Other  possibilities  for  increasing  performance  without  paying  a  penalty 
in  I.S.  are  compounds  with  exceptionally  high  crystal  densities,  compounds  with 
exceptionally  high  products  I.S.  x  NM*'2  and  I.S.  x  PQ,  and  possibly 
compounds  with  high  NM^2  for  a  given  NO2#  (the  existence  of  the  latter  type 

of  compounds  has  not  been  ascertained). 
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FUTUKE  PLANS 


The  remaining  important  molecular  property  which  undoubtedly  affects  both 
l.S.  and  performance,  and  which  has  not  been  considered  here,  is  the  energy  of 
detonation  (q).  In  future  efforts  correlations  involving  this  quantity  and  l.S. 
will  be  attempted. 
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TABLE 

4.  LEAST  SQUARES  CORRELATION  COEFFICIENTS  AND  RANK 

# 

DIFFERENCE  COEFFICIENTS  FOR  ONE~PARAMETER  CORRELATIONS 

* 

Clast 

I.S./  I.S./  NM^2/  I.S ./  R0/  I.S./ 

NO2#  NM1/2  N02#  P0  N02#  Ap 

Ni.tr  amines 


Nitroaromatics 


Nitroaliphatics 
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TABLE  5.  EXCEPTIONAL  COMPOUNDS  -  NITRAMINES* 


Compd*  from  Fig.  I  logbso  Compd*  from  Fig.  10  logbsQ  Compd*  from  Fig.  4 
(I.S./NM1/2)  xNMl/2  (l,S.//»0)  X  Pq  (I.S./N02A) 


CX  CH  S-1?0CH  CH  36.0 
3  2  2 1  2 

CX  CH  N-COCH  CH 

3  2il  2  * 


-a 


CH  CX  CH  N-CH 
3  2  2  |  2 

CH  CX  CH  N-CH 
3  2  2»  2 

A 


CH  OCH  NCH 

3  2  i\ 

N-X 

CH  OCH  NCH^ 

3  2*  2  | 

*  tf 

CH  CX  CH  CH  N-CO  35.5 
3  2  2  2  | 

<?«2 

9X2 

CH2 

CH  CX  CH  CH  N-CO 
3  2  2  21  I 

X  0 

J  * 

CX  CH  OCCH  CH  N  34.6 
3  2  2  2 1 

<?h2 

CH2 

CX  CH  OCCH  CH  N 
3  2^  2  2* 


CH  CH  CX  CH. 

3  2  2  \ 

CH  CH  CX  CH^ 
3  2  2  2 


3.61  SAME 


*  ? 

CH  NCH  CH  N-C-0 
3  2  2  1 


CH  NCH  CH  N-C-0 
3  '  2  2i 


3.31  0  NOCH  CH  CH  CX  CH 

2  2  2  2  2 


0  NOCH  CH  CH  CX  CH 
2  2  2  2  2  2 


CH—N-CH-CH- 
3  2  2 


3.12  SAME 


*X  -  N02 


'SAME"  means  the  nearest  structure  to  the  left 
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TABLE  6. 

EXCEPTIONAL  COMPOUNDS 

loghso 

Structure 

x  NMl/2 

TATB 

38.1 

DATB 

37.2 

Fluoro  -  DATB 

35.8 

x^nV^x 

CH3 

35.6 

nb2 

xinrx 

35.2 

X 

2 ,2-Dinitropropyl 
trinitrobenzoate 

34.2 

N--  N 

33.4 

Picramide 

32.4 

Trinitro-tn-creaol 

32.0 

Diamino  picric  Acid 

— 

*X  -  N02 


NITROAROMATICS* 

logh5Q 

X 

4.86 

4.60 

4.57 

3.67 


4.47 


3.97 

3.96 

3.85 

4.09 
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TABLE  7.  EXCEPTIONAL  COMPOUNDS  -  NITROALIPHATICS* 


Compds  from  Fig.  3 

logh50 

Compds  from  Pig.  12 

logh5Q 

Compds  from  Fig.  6 

j  <4 

(I.S./NM1/2) 

xNM1/2 

(I.S./Pq) 

(I.S./N02#> 

i  * 

CX  CH  NH&3-CH  CH 

3  2  2|  2 

CX  CH  NHCO-CH  CH 

3  2  •»  2  2 

0 

36.1 

COCH-  CX, 

“'O 

3.77 

— 

[ 

2 , 2-Dinitropropyl 

4,4,4-trinitro- 

butyrate 

35.8 

SAME 

3.66 

SAME 

? 

Trinitroethyl 

4,4-dinitrohexa- 

noate 

34.4 

SAME 

3.55 

SAME 

\ 

CX  CH  CH  $0-CH 

3  2  2  j  2 

CX  CH  CH  CO-CH 

3  2  2*1  2 

0 

33.5 

SAME 

3.39 

•mm*'— 

Q 

CX  CH  CH  C-NH 

3  2  2  \ 

✓”CH2 

CX  CH  CH  C-NH 

3  2  2  U 

0 

33.4 

SAME 

3.46 

SAME 

CX  ?-NH-C  H 

3  3  7 

33.2 

— 

— 

— 

2,2-Dinitrobutyl 

4,4,4-trinitro- 

butyrate 

32.2 

— 

-- 

SAME 

* 

Bis  (2,2-Dinitro- 
propyl) 

4,4,4-trinitro  - 
butyramide 

32.4 

SAME 

*X  «  no2 

| 

"SAME"  means  Che  nearest  scruture  to  the  left. 

L 
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